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ABSTRACT: This paper focuses on the integration of risk and supply chain modelling by means of analysing 
a case concerning a Hydrogen Refuelling Station in Berlin. It presents a framework that can analyse an energy 
supply chain and at the same time enables easy reporting and presentation of various results by utilizing Dis-
crete Event Simulation (DES). The industrial implication of this work is to provide practitioners with an anal-
ysis framework for improved decision support. The novelty of this paper is the approach to model a supply 
chain together with a dynamically modelled event tree-based approach that facilitates the inclusion of time-
varying aspects of failure modelling. 
1 INTRODUCTION 
Multi-national companies are witnessing  changes 
in the global business environment; customers desire 
shorter lead times, lower prices and increased com-
petition from foreign companies, are some of the 
few examples that have led to new challenges and 
possibilities for global supply chains. Indeed, it has 
been said that it is supply chains and not companies 
which compete in the new global market (Christo-
pher & Towill, 2002). This change in market condi-
tions is even more profound for some industries than 
others. The concurrent development away from es-
tablished oil based energy supply chains towards a 
battery and hydrogen involving infrastructure opens 
up for new supply chain concepts (Wee et al., 2012). 
These could, for example, combine the hitherto sep-
arated chains of the refuelling industries and the 
electrical power industries. The necessary integra-
tion of such chains would likely lead to a much more 
complex situation compared to today’s energy sup-
ply chain, for example as the security of supply has 
to be fulfilled both to secure the stability of the pow-
er net and the supply of energy for transport. There-
fore, it is necessary to have an appropriate frame-
work to predict the performance, robustness and the 
societal risks of complex integrated supply chains.  
The dynamic nature of such supply chains caused 
by different factors, for example, time variations in 
the production of sustainable energies and seasonal 
variations of the demands for energy, only to men-
tion two aspects, is a challenge for any analyst as the 
data and the compilation of information becomes 
very large. It has been shown that Discrete Event 
Simulation based software is very valuable both for 
modelling supply chains and the safety aspects and 
can be designed to combine and present the huge in-
formation in a comprehensive way. 
Current research has not focused on developing a 
holistic model for supply chain analysis to predict 
risk in the energy sector, even though there is a clear 
need from practitioners for such a framework due to 
increased competition, scarceness of resources, in-
creased transportation and storage costs and legal 
requirements.  
This paper aims to address this research gap and 
industrial need by illustrating a framework that can 
analyse a supply chain including its safety aspects 
and at the same time is capable of supporting easy 
reporting and presentation of the results. The explor-
ative nature of the research aim means that this is 
done through a case study. For simplification and 
comprehension enhancement purposes, the case cho-
sen concerns the late stage of an alternative energy 
supply chain, which is exemplified by a hydrogen 
refuelling station (HRS, hereafter) in Berlin. The ob-
jective of doing so is to model and simulate supply 
chain scenarios from the energy sector with the goal 
to analyse and compare these in terms of robustness, 
reliability, and societal risks. The supply chain will 
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include basic processes. The supply scenarios will 
take a number of risk management objectives into 
account. The main focus is on the application of a 
dynamic method for risk assessment that has been 
shown to be applicable for energy installations. 
This paper is structured as follows. First, a litera-
ture review is presented. Then the methodology is 
described followed by the key findings from the case 
study. Hereafter, the analysis of these findings and 
the model development is detailed. Then theoretical 
and practical implications are described and finally 
conclusions and notes for further research are given.  
2  LITERATURE REVIEW 
2.1 Supply chain modelling in the energy sector 
Presently, the scientific literature has had a very 
limited focus on systems safety in the energy sector. 
Caputo et.al. (2011) found high safety cost for long-
range hydrogen transport through densely populated 
regions. Kim and Moon (2008) predicted the safety 
costs for an optimized Korean infrastructure partly 
based on renewable energies. Other discussions fo-
cus on topics such as the potential growth of supply 
chain networks optimizing the investment and run-
ning costs, and calculating the environmental im-
pacts by assessing single impacts, e.g. the carbon di-
oxide reduction potentials using energy models (see 
for example Agnolucci, 2007 and Andrews & 
Shabani, 2012) Other papers take a purely technical 
approach to model the system processes. Typically, 
the focus is on component relations and technical 
problems integrating for example, fuel transport and 
energy distribution networks. Future supply chain 
studies optimizing the fuel price find that conversion 
of fossil fuels into hydrogen may be the main driver 
while hydrogen production by electrolysis is negli-
gible (Cetinkaya et al., 2012).  
Therefore, fuel price alone seems to be inappro-
priate to support the introduction of hydrogen for 
buffering fluctuating sustainable renewable energy 
production. A more comprehensive framework is 
needed for planning the new infrastructures with a 
high degree of complexity and epistemic uncertain-
ty. This paper seeks to address this need.   
2.2 The shortcomings of a static modelled event 
tree based approach  
Risk analysis commonly uses the methodologies 
of fault trees (FT) and event trees (ET) to predict all 
the adverse states of a supply chain in order to pre-
vent or mitigate accidents. These methods are 
powerful but are not easily applied for risk evalua-
tion in a dynamic system (Markert et al.; 2016). 
Bucci et al (2008) have addressed the following po-
tential limitations of using static event and fault trees 
and found the following major concerns: 
1) Lack of time element in the ET/FT methodolo-
gy to represent fault propagation through logic 
loops or possible dependence of the system 
failure modes on the exact timing of the com-
ponent failures with respect to the changing 
magnitudes of the plant process variables.  
2) Treatment of the coupling between the plant 
physical processes and triggered or stochastic 
events (e.g. valve openings, pump start-ups) 
which could lead to statistical dependence be-
tween failure events.  
3) Semi-quantitatively modelling of the propaga-
tion of system disturbances through a classifica-
tion of changes in the process variables which 
may lead to omission of some failure mecha-
nisms due to inconsistencies in the definition of 
the allowed ranges for the process variables or 
due to possible significant changes in the sys-
tem behaviour arising from very small changes 
in the system parameters.  
4) The possible sensitivity of the top event fre-
quencies to stochastic changes in the system 
settings or process dynamics. 
2.3 The dynamic modelled event tree based 
approach  
Discrete Event Simulation (DES, hereafter) is a 
dynamic analysing tool and a complementary alter-
native to the conventional reliability and risk analy-
sis models such as fault and event trees, cause-
consequence and barrier diagrams as well as Bayesi-
an networks (Kozine, Markert, Alapetite 2009; 
Markert and Kozine 2012). It captures the systems 
dynamics, i.e. the aspects of the time dependency of 
the occurring events including their resulting im-
pacts. As a dynamic tool, the different input parame-
ters can be defined by stochastically distributions. 
DES enables the representation of a system by 
state changes (using state variables) at precise mo-
ments in time. The model is governed by the event-
by-event principle; it means after an event has oc-
curred the clock is advanced to the next event to oc-
cur. For each new event, the statistics (output pa-
rameters) are collected and the state variables 
updated. To sum up, both the nature of the state 
change and the time at which the change occurs 
mandate precise description. By using DES models 
different alternatives can be verified and validated 
inside a short time frame. The animation is an excel-
lent basis for discussion, identification of bottle-
necks and for generating new ideas. In this way, 
field experts can be active collaborators in the model 
development, which raises confidence about the out-
come and contributes to the model validation. Com-
plex models can be enhanced by external mathemat-
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ical subroutines and data can be imported/exported 
to and from spreadsheets.  
3 METHODOLOGY  
The research had three phases: First, a literature 
review was carried out. Second, data was gathered 
from the case study. Third, qualitative data was cod-
ed and analysed while the quantitative data was 
modelled and analysed using state of the art mathe-
matical modelling as described below to model the 
supply chain.  
A supply chain model based on discrete event 
simulation (DES) was developed using commercial 
software packages. The supply chain model is in-
tended to predict scenarios. Additionally, it can han-
dle input parameters that are subject to stochastic 
and statistical variations representing uncertainty 
and natural variation. Output results can be repro-
duced and by replicating the simulations the output 
can also be statistically verified. As the simulations 
may be animated, the results are more easily ex-
plained and controlled by other domain experts. 
Such models predict also the effects of downtimes of 
components, systems reliability and can be extended 
to calculate the risk of a given supply chain (see for 
example Kozine et al., 2009; Markert & Kozine, 
2012).  
The outcome of this analysis is a framework for 
strategic planning of a future safe and sustainable 
energy infrastructure; the approach of which can be 
used to develop and predict systems safety and reli-
ability as shown during the OPHRA feasibility study 
(Duijm et al., 2013).  
Designing a hydrogen infrastructure using math-
ematical optimization gives a golden opportunity for 
designing a well thought-out infrastructure for hy-
drogen production, storage, and distribution given 
that much of the infrastructure have to be built from 
scratch in the coming years. This research aims at 
developing this framework using methods from Op-
erations Research that can help plan the hydrogen 
infrastructure of the future. The framework will be 
based on mixed integer programming and we will 
construct tailored solutions methods using meta-
heuristics and/or branch-and-price-and-cut algo-
rithms.  
The study is explorative and as such a case study 
approach was selected (Yin, 1989). The case was se-
lected based on the following criteria: that it was (i) 
an energy company, (ii) involved in the transport of 
energy and (iii) access to data. Empirical data was 
gathered through documentation and reports. 
This method ensured accurate representation and 
enabled triangulation of the findings between differ-
ent sources of information, thereby improving va-
lidity. In this manner, the project ensured a high lev-
el of industry relevance and involvement while 
focusing on utilizing key theories within this re-
search area. 
Arena® is used as the DES tool to model busi-
ness, service or manufacturing process. It is a very 
high-level programming language and easy to use.  
Arena’s functioning principle is based on entities 
generation and handling. The selected tool, 
therefore, addresses the need for a framework which 
support easy reporting and presentation of the results 
as Arena® also presents results virtually. 
4 CASE PRESENTATION 
The case station modelled in this study is mainly 
based on freely available internet information and 
was mainly inspired by the TOTAL hydrogen fuel-
ling station in Berlin Heerstrasse opened in 2006. 
The reasons for selecting this service-station are: 
• It is one of the most recent fully operational 
HRS 
• The station has been designed to refuel cars 
and buses 
• It is part of the Clean Energy Partnership 
(CEP), a consortium of international compa-
nies (BMW, Daimler, Total, Statoil) whose 
goal is to promote hydrogen as a future alter-
native to fuel vehicles. As part of the CEP, the 
Berlin Heerstrasse project is included in a 
range of projects followed and assessed by 
experts of the different fields involved 
• The CEP has made a very detailed report on 
the projects carried out (CEP Report 2002-
2007) - in particular the Heerstrasse project - 
then, many information about the facilities 
(station design) and the users (number of ve-
hicles) is available that can be re-used in the 
simulated model. 
• The CEP report draws conclusions on the op-
erations led from 2002 to 2007; thus, it also 
gives some output data that can be compared 
to the data obtained by the simulation 
• Output data from the station was collected 
over a period of 222 days. 
5 MODEL PRESENTATION 
The DES model implemented represents a full 
operational refuelling station for cars and buses. The 
model consists of the production, distribution and 
handling of hydrogen at an HRS. The model in-
cludes the security of supply with a reliability analy-
sis, which may be coupled with an impact assess-
ment to predict the societal impacts, e.g. in form of 
individual risks and F-N curves. 
 Apart from the type of fuel, the system contains 
all the components of a traditional service station. It 
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includes the functions of supply, storage and deliv-
ery. The system can be divided in 6 main parts that 
will be called resources in the rest of the paper by 
analogy to the software that fulfil the functions de-
scribed above: 
1. The hydrogen delivery platform (supply) 
2. The main tank (storage) 
3. The compressor (considered as part of storage) 
4. The buffer store (storage) 
5. The dispensers (delivery) 
6. The cash desk (considered as part of delivery) 
Two types of supply have been considered in two 
different models. One consists of a regular truck 
supply where the refilling truck comes at a given 
frequency. The other one is made of a pipeline sup-
ply where the flow of hydrogen is continuous but the 
supply to the main tank is activated only when the 
latter reaches a given critical level. 
The hydrogen coming from the pipeline or the 
truck directly goes into a main tank that is an onsite 
storage. It is then compressed to the right pressure 
by means of a compressor. Afterwards, the hydrogen 
is provisionally stored in a small buffer that delivers 
it at the good conditions of temperature and pressure 
to the dispensers. There are two dispensers where 
vehicles can refill their tanks; at the dispenser, the 
set-up time (the time the drivers get off the car and 
set the pump) and the time to refill are taken into ac-
count. Finally, a cash desk is located after the pumps 
where all vehicles have to pass by and pay before 
leaving the station. 
The vehicles can either be cars or buses with a 
higher probability of cars and with respective impli-
cations that buses take a much larger amount of hy-
drogen and as a consequence use the dispenser a 
longer period. 
While the model is processing, random failure 
may occur and prevent one of the resources from be-
ing in an operational state for a given time. In such a 
situation, vehicles balked at entering the station and 
the vehicles already inside the station just leave 
without refuelling. 
Table 1 shows the parameters for model building.  
Table 1. Parameters for model building. 
 
In the model, several random mathematical dis-
tributions are used. They represent the uncertainty 
that occurs in some parts of the process. The random 
distributions in this model are used to: 
• Generate the time between arrivals for entities 
(kg of hydrogen, cars, buses, and failures) 
• Generate the amount of hydrogen taken by 
each vehicle 
• Evaluate the time needed to use the pump 
(set-up time) 
• Evaluate the time spent at the cash desk 
The phenomena described above are random 
ones; one cannot know when a new vehicle is 
coming with certainty neither how long it is going to 
use the pump. Random distributions are used to take 
these uncertainties into account. The triangular dis-
tribution is applied to the generation of time between 
arrivals for cars. The triangular distribution is very 
useful when the close form of the real distribution is 
not known. It estimates the minimum value, the 
maximum value, and the most likely value a variable 
would take.  
One of the most common failure measures is the 
failure rate. It is defined as the expected number of 
failures in a given time interval. The exponential dis-
tribution is used to characterize the failures that oc-
cur. The inverse of the failure rate is directly insert-
ed in the Arena software; this number is called the 
mean time to failure (MTTF, hereafter) that esti-
mates the average time to failure assuming the sys-
tem is not being repaired between two failures. In 
fact, in the current situation, this is the mean time 
between failure (MTBF, hereafter) that is used but it 
is assumed that MTTF ≅ MTBF. 
A DES algorithm was created which generated 
events that give statistical outputs about the state of 
the system before dropping them when all the tasks 
within an event have been performed. This process 
is then repeated successively until the end condition 
is met. The end condition in the case was a date (a 
fixed simulation time). This algorithm was used to 
model structures with Arena. Figure 1 show the sup-
ply and storage process (i.e.: refuelling trucks, tanks, 
and compressor). 
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Figure 1. Supply and storage of H2 in the service-station. 
The output variables are shown in Table 2.  
 
Table 2. Output variables.  
 
 
Once all the necessary information (variables, enti-
ties, general process) about the model has been giv-
en a general algorithm of the DES can be created. 
The code was created in the SIMAN language and is 
too large to present here due to the page limits of 
this paper.  
There are two types of delivery scenarios imple-
mented. The first one corresponds to a situation with 
a pipeline delivery to the service station while the 
second one corresponds to a truck delivery. The dif-
ference is that in the first case, the entities kg of H2 
are constantly produced but with a very small time 
interval in order to simulate a continuous distribu-
tion. Then, to prevent these entities to queue up and 
block the system when they form a too large num-
ber, the kilograms of hydrogen are disposed (by 
means of a condition checking) when they are not 
going to be used by the system (i.e. when the system 
has reached the maximum amount of kg of H2 need-
ed). While in the situation of a truck refuelling, the 
time between arrival is also fixed as a constant but 
with a much higher frequency; for example, a truck 
will come to refill the main tank every 7 days what-
ever is the level of the tank at this time. Therefore, 
there is no condition checking; but when using this 
option, the implementer has to make sure to find a 
refilling frequency high enough to avoid shortages in 
hydrogen and not too low to minimize the delivery 
cost. 
The general structure of the algorithm is present-
ed in Figure 2. The algorithm is implemented in the 
Arena DES software that is based on the program-
ming language SIMAN and can be controlled 
through Visual Basic for Applications (VBA). 
Most of the input data are stored in an Excel sheet 
and read by the model during the initialization 
phase. Some other input data are hardcoded in the 
VBA script. In principle, all input data including 
modelling constants and other parameters can be in-
putted from Excel. The modelling output in the cur-
rent version of the model is limited to the number of 
people died and escaped, which is outputted to the 
same Excel sheet where the input data are stored. 
 
Figure 2. The general structure of the algorithm. 
The model had a 90% confidence interval and 
was, therefore, useful for analysis.  
6 FINDINGS 
A failure analysis is run by the user defining the 
MTBF; the smaller the MTBF, the higher frequency 
for the failure to occur. 
The five most common failures identified are 
failures with the same MTBF and that only affect the 
compressor. Therefore, it was analysed how one of 
the most likely failures affects the availability of the 
system as well as the number of cars rejected. It al-
lows to answer the question: is the effect of one fail-
ure, even the most likely one, negligible or not on 
the whole functioning of the station? Thereby, the 
simulation is run dropping one of the most common 
failures (lubrication system fails). A second simula-
tion is run afterwards that assesses the impact of 
these five most common failures on the system. The 
results are shown in Table 3. 
Table 3. The impact of the 5 most common failures on the sys-
tem. 
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It is possible to know which failure is the most 
likely to happen, but one cannot predict which fail-
ure will have the most damaging effects on the sys-
tem. In fact, all resources (compressor, main tank 
etc.) are not utilized equally; thus, a resource with a 
highest frequency of failure but that is almost not put 
in use may not affect the number of cars rejected as 
much as a very required resource with a smaller 
probability of failure.  
Therefore, the following test considers that one of 
the resources cannot be in a failed state while the 
others can in order to evaluate which resource has 
the biggest impact on the availability and number of 
rejected cars of the system. This information will 
help to decide on which part it is necessary to take 
preventive measures first to avoid any critical situa-
tion. The four situations in which a resource is con-
sidered as "not able to fail" are compared to the situ-
ation of reference. The four situations stand as 
follows: 
• Situation 1: The main tank is in a non-failed 
state 
• Situation 2: The buffer is in a non-failed state 
• Situation 3: The compressor is in a non-failed 
state 
• Situation 4: The dispensers are in a non-failed 
state 
On Table 4, the resources most likely to put the 
system in a failure state are shown. 
Table 4. Resources most likely to put the system in a failure 
state. 
 
This table gives important information on the re-
sources that are more likely to put the system in a 
failed state. In fact, the compressor and dispensers 
are responsible for most of the failures. This is ex-
pected because the dispensers are the part for which 
the most failure modes have been defined and the 
compressor is the part for which the failure modes 
have the biggest probability of occurrence. Besides, 
both parts have failure modes that hold an MTTR 
relatively long. 
No survey and, therefore, no associated database 
about the types of distributions taken by the time be-
tween arrivals (TBA, hereafter) of the vehicle are 
available for HRS’s. Thereby, it is necessary to as-
sume several random distributions that would seem 
realistic for describing the vehicle arrivals and to 
compare their impacts on the number of refuelled 
cars, the hydrogen that is consumed and the use of 
the resources (compressor, dispensers etc.). Note 
that beside the TBA distributions; for all simula-
tions, the parameters used are the ones of the initial 
models. In addition, the same number of vehicles en-
tering the system is set over the simulations 
(40,953,576 vehicles). 
The models tested have the following characteris-
tics: 
Model of reference: This is the model used during 
this research, the TBA is modelled by a triangular 
distribution T(0.5,8,30) minutes. 
Poisson distribution: A Poisson distribution  P(7) 
minutes is first chosen to replace the triangular dis-
tribution. It is chosen such as it has its lower and up-
per bounds close to the ones of the triangular distri-
bution but the tail of the Poisson distribution is 
longer and flatter to emphasize that extreme values 
are much less likely to appear. Contrary to the trian-
gular distribution, the Poisson distribution allows 
expressing the fact that a TBA of 20 to 30 minutes 
(e.g.: during the night) is much rarer that a TBA be-
tween 1 and 15 minutes.  
Constant TBA: Using a constant TBA (of 12 
minutes) for vehicles should be far from reality; it is 
then interesting to analyse the effects of this "distri-
bution" on the system. 
Scheduled model: The arrival of vehicles is 
scheduled for the day according to a realistic and 
sensible consideration i.e.: many more vehicles are 
going to the station between 4:00 pm and 6:00 pm 
after work than during the night. The pattern of the 
arrivals is shown in Figure 3.  
 
Figure 3. Pattern of arrival from the scheduling model. 
Table 5 shows the results of the analysis. 
6 
Table 5. Analysis results. 
Distribution Availability Failure 
balked 
cars 
Removed 
from 
queue 
Total 
rejected 
cars 
Reference: triangu-
lar 
93.7% 10.7% 0.01% 10.76% 
Poisson 95.0% 10.7% 0.09% 10.77% 
Constant TBA 93.6% 10.8% 0.01% 10.80% 
Scheduling 93.7% 10.5% 1.85% 12.33% 
The number of rejected cars includes the cars re-
jected because the system is in a failed state plus the 
cars that leave the queue because it takes too long to 
refuel. 
The triangular and Poisson distributions show 
similar results with almost the same number of total 
rejected cars and a higher availability than the two 
other models. However, the availability obtained in 
the Poisson situation is much better and the number 
of vehicles balked from the queue is more signifi-
cant (6 times as big) than the one in the triangular 
model. 
The scheduling model, that seemed to be the most 
realistic one, is the one with the worst results; its re-
jection rate is around 1.5% bigger than any other 
model. This value is so large because of the number 
of vehicles removed from the dispenser’s queue that 
is 130 times as big as the reference model; but since 
this number is still very small compared to the num-
ber of vehicles balked due to a failure, the percent-
age of cars rejected has the same order of magnitude 
in all the situations. 
The constant model, which might be considered 
as the least plausible, actually results in smaller 
availability and a bigger number of balked cars be-
cause of a failure. The results are thereby consistent. 
Finally, the triangular distribution has been used 
as a model reference all along this analysis because 
no exact form of the arrival distribution; but it seems 
that this approximation was good enough because it 
shows similar results with the scheduling model or 
the Poisson model that may have been used as well 
as reference models. 
7 IMPLICATIONS 
7.1 Theoretical implications 
This research has developed a framework using 
DES to assess risk, environmental, societal and eco-
nomic parameters in a truly comparable manner 
which is a novel approach within this field. The use 
of the DES approach within the energy sector is un-
der-utilised and this research, therefore, brings new 
insights through an empirical study.  
7.2 Practical implications  
Development of risk frameworks such as the one 
illustrated in this paper supports decision making by 
enabling the comparison of alternative energy sce-
narios and energy distribution systems considering 
costs, security of supply, environment and safety and 
can thus help to provide a transparent decision pro-
cess for politicians and the general public. This can 
enable a decrease in regulatory uncertainty which is 
barriers for infrastructure developments. Further-
more, this research helps to detect possible adverse 
effects and to reduce or avoid these by improved re-
planning.  
The use of this methodology to develop a risk 
framework using a case example from the alternative 
energy industry is unique within this field as it sim-
ultaneously lies on a strong mathematical foundation 
while using off-the-shelf community software to 
model risks and uncertainties, making it easy to use 
and accessible for practitioners. 
8 CONCLUSIONS AND NOTES FOR FURTHER 
RESEARCH 
The aim of this research was to develop a meth-
odology and a framework which can aid in the 
decision-making process for alternative energy sup-
ply chains. Due to the lack of research within this 
area, the study was explorative and made use of a 
case study of a late stage in an alternative energy 
supply chain. The model created consisted of the 
production, distribution and handling of hydrogen at 
an HRS to fuel a number of vehicles. The model in-
cluded the security of supply with a reliability analy-
sis, which was coupled with an impact assessment to 
predict the societal impacts, e.g. in the form of indi-
vidual risks and F-N curves. The modelling was 
made using the Arena software tool as it addressed 
the need for a framework which supports easy re-
porting and presentation of the results. Discrete 
event simulation (DES) was used as it takes the dy-
namic dimension of a system into account which 
traditional methods such as fault trees or Bayesian 
networks that are static representations of a system 
can’t do. A DES model was implemented which rep-
resented a fully operational refuelling station for cars 
and buses. Apart from the type of fuel that differs, 
the system contained all the components of a tradi-
tional service station. It included the functions of 
supply, storage and delivery. 
Future research should focus on modelling of 
more and other scenarios both from within the ener-
gy sector and comparison of these results across sec-
tors. Furthermore, verification of the calculations 
with respect to the probability distributions of output 
parameters and assessment of requirements (number 
of simulations) to obtain sufficient accuracy should 
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be investigated. This might include the development 
of techniques to optimize the computational efforts 
by using alternative sampling techniques. Develop-
ing adequate post-processing and presentation tech-
niques, in order to produce appropriate risk data (IR, 
PLL, F-N distributions) and for inspection of indi-
vidual simulations. To demonstrate the validity of 
the modelling framework the results should be com-
pared with results from traditional risk assessments, 
peer review and feedback by domain experts. 
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